Abstract: An accurate preoperative staging of nodal status is crucial in gastric cancer, because it has a great impact on prognosis and therapeutic decision-making. Different staging methods have been evaluated for gastric cancer in order to predict nodal involvement. So far, no technique could meet the necessary requirements, which include a high detection rate of infiltrated lymph nodes and a low frequency of falsepositive results. This article summarizes different staging methods used to assess lymph node status in patients with gastric cancer, evaluates the evidence, and proposes to establish new methods.
Introduction
Gastric cancer remains a diagnostic and therapeutic challenge, which is demonstrated to be still one of the highest causes of cancer-related death (1, 2) . An international consensus agrees that proper staging precedes therapeutic planning and indicates disease prognosis. Besides tumor invasion depth, nodal status remains the most influential parameter indicating survival of gastric cancer (3) (4) (5) . The probability of lymph node involvement is the major characteristic dividing early from advanced gastric cancer. Lymph node status also dictates the surgical therapy approach. Further, the surgical approach mainly depends on preoperative staging results; and therefore, the accuracy of these results is of the greatest importance (6) . The exact prediction of nodal involvement in gastric cancer remains challenging, although different techniques have been evaluated. Hereafter, the most important and latest results regarding preoperative staging of nodal status in gastric cancer are discussed. The basic design of prospective studies regarding this issue evaluates the diagnostic value of certain techniques when comparing preoperative staging results with the pathohistological report of the specimen. Sensitivity is defined as the proportion of detected truepositive nodes among total positive nodal status. Specificity is defined as the proportion of true-negative nodal status among total negative nodes. Accordance of positive and negative nodal status is compared with true-positive and true-negative assessments. Then, a value for sensitivity (also called the true-positive rate) and specificity (also called the true-negative rate) for each diagnostic tool and for the different staging combinations are placed in a 2×2 table. By combining true-positive results with false-positive results, and true-negative with false-negative results, positive and negative predictive values can be illustrated. tomography (or CT) OR fluorodeoxyglucose-positron emission tomography (or PET) OR magnetic resonance imaging (or MRI). Due to technical improvements of all imaging methods, the search was mainly focused on studies published within the last 10 years.
Materials and methods

An
Results
Computed tomography (CT)
CT is a basic diagnostic tool used for gastric cancer, especially to detect distant metastasis or locally-advanced cancer. Detection of lesions in the lungs and/or liver is crucial for treatment choice and surgical strategies. The accuracy of determining lymph node staging varies between different studies ( Table 1) . Detection of suspicious lymph nodes by CT mostly depends on the size and localization of the structure (Figure 1) . Sensitivity of nodal invasion is reported from 62% to 92% using axial or multidetector tomography (7) (8) (9) (10) (11) 15) . A current study reviewing 2,414 gastric cancer patients in 116 Canadian institutions categorized 450 patients as "negative nodal status" by CT; these patients underwent resection with curative intent and were actually found to be nodal positive. Thus, the negative predictive value was actually only 43.3% for nodal involvement (13) . This means that CT could not detect 56.7% of patients with regional lymph node metastasis. This study provides insights into the lack of accuracy of preoperative CT imaging in determining lymph node staging in nationwide hospitals and emphasizes the importance of staging laparoscopy. Nevertheless, singleinstitution studies in high-volume centers report a much higher negative predictive value (up to 90.1%) for detecting lymph node staging by preoperative CT in patients with early gastric cancer (9).
Endoscopic ultrasound (EUS)
EUS assessment is reported to be the gold standard for determining local lymph node involvement in gastric cancer (16) . However, accuracy of this method depends on the investigator's experience and cannot easily be revised by different investigators. Accuracy is also limited to a certain distance from the transducer. In high-volume centers, the negative predictive value is reported to reach more than 90% (9) (Figure 2) . In a prospective database from a high-volume center in the Netherlands, the overall accuracy of detecting nodal status using EUS for both N+ and N− patients is 75% for junctional adenocarcinoma and was proven to be superior compared to CT (14) . A meta-analysis which included 22 studies and 1,896 patients reported a pooled sensitivity of 58.2% and 64.9% for patients revealed to be N1 and N2, respectively (17) ( Table 2) . Unsurprisingly, the more advanced the disease, the higher the accuracy of detection by EUS. Again, these data suggest a non-negligible difference between the results observed by multiple centers and a single high-volume institution.
Positron emission tomography (PET)
PET, mostly used with 18F-fluoro-2-deoxy-D-glucose (FDG) as a metabolic tracer, has been tested in several studies to reassess if there is an additional staging benefit in gastric cancer ( Table 3 , Figure 3 ). In most of these studies, especially earlier ones, no additional benefit, or a questionable benefit which was not proportional to the expenses associated with this method, was found (21, 23, 26) . A crucial point when considering the benefits of FDG-PET assessment is the fact that early investigations only used PET technology, whereas the latest investigations used a combination of FDG-PET and CT (FDG-PET CT), which increases the anatomic accuracy. Furthermore, other tracers are currently being evaluated. A unique characteristic of using PET for staging assessment is that this technique provides both an anatomical and a metabolic image of the cancer. However, PET imaging of gastric cancer is not a standardized staging procedure in many countries because it has a significant lack of overall accuracy. A Japanese study that evaluated the predictive value of FDG-PET CT compared to CT alone for preoperative nodal status in patients with gastric cancer reported an unacceptably low sensitivity of predicting lymph node metastasis (22) . The study included 78 patients and reported an overall sensitivity of only 31% for the FDG-PET CT to detect lymph node metastasis preoperatively. The sensitivity for detecting patients with one or two and three lymph node metastasis in the specimen was 31.6% and 12%, respectively, whereas the specificity was reported to be more than 90% overall as well as more than 90% in the subgroups. Interestingly, the sensitivity was reported to be slightly higher when using only CT, indicating that negative glucose enrichment might lead to an underestimation of lymphatic structures. Other characteristics of using FDG-PET in patients with gastric cancer are also concluded in several studies dealing with primary tumors. For both early gastric and diffuse histological type according to the Lauren classification cancers, assessment using FDG-PET-CT does often not yield additional information about preoperative staging. The proportion of FDG-PET-detected positive cancers of diffuse or signet-ring cell subtypes ranges from 0-24%, (25) .
Also, scoring systems that include tumor size, histological subtype, and GLUT-1 immunohistochemical positivity are suggested to improve patient selection for FDG-PET-CT in gastric cancer (27, 28) . In addition to FDG, 18-fluorothymidine (FLT) has been evaluated as a PET tracer in patients with gastric cancer. In direct comparison to FDG-PET-CT, this tracer delivered the same detection rate of the primary tumor; when compared to staging determined by CT alone, assessment of lymph nodes using FLT was shown to be significantly better regarding sensitivity and specificity (29) (30) (31) .
Magnetic resonance imaging (MRI)
MRI was found to be helpful regarding the local infiltration of gastric cancer into the stomach wall and possibly the serosa in early studies. However, when compared to other standard techniques like CT or EUS, no benefit or even inferior results were seen regarding the accuracy of lymph node assessment (32, 33) . One recent comparative study and a recent meta-analysis concluded that MRI was a helpful technique in staging the T-category and had a poor detection rate for lymph node metastasis in gastric cancer (34, 35) . MRI, when used in a liver-specific protocol, is mostly used to clarify suspicious liver lesions if no biopsy is performed (16) .
Discussion
Accurate preoperative lymph node staging in patients with gastric cancer is crucial for planning therapy strategies. For example, staging affects geographical localization of the medical unit, impacts neoadjuvant therapy, determines the extent of resection, affects the extension of lymphadenectomy, and determines the use of minimally invasive techniques. So far, no staging technique is clearly superior and delivers both high sensitivity and specificity when being matched with the pathohistological report. One major reason for this lack of accuracy might be because most staging methods mainly evaluate the size of lymph node structures. A certain lymph node size is then defined as suspicious for lymph node infiltration. Several studies have shown that lymph node size alone is not a reliable factor to predict gastric cancer infiltration. A German study reported that the median size of an infiltrated lymph node is bigger than the size of cancer-free lymph nodes (mean diameter 6.0 vs. 4.1 mm, respectively); however, 55% of infiltrated lymph nodes were smaller than 5 mm (36) . Based on these results, it is clear that a staging method that primarily depends on lymph node size will not deliver the desired accuracy, even if all local and distant lymph nodes can be visualized. The most promising technique that delivers the desired qualities for preoperative lymph node staging is PET-CT. Certain tracers, mostly FDG, used for patients with gastric cancer are supposed to visualize tissue metabolism. This assumes that tumor tissue and lymph node metastasis show accelerated or enhanced uptake of the tracer. Due to histological tumor heterogeneity, different levels of metabolic activity in different stages of disease, and different levels of transporter molecules in cancer cells, the use of FDG-PET-CT did not demonstrate a distinct benefit regarding tumor or lymph node staging compared to standard methods such as CT + EUS. More recent studies indicate that appropriate patient selection can lead to a significant improvement of the accuracy of using FDG-PET-CT for lymph node assessment (27, 28) . For such patient selection, it seems beneficial to include extra features such as GLUT-1 expression; this glucose transporter molecule is important in gastric cancer glucose metabolism (37) (38) (39) . Other tracers used for PET did not demonstrate reproducible benefits for determining staging so far.
Reflecting on the routinely used preoperative staging methods for nodal status assessment in gastric cancer patients in 2016, it becomes evident that more evaluation is necessary and those new techniques to accurately predict nodal status need to be established. One technique currently being evaluated is near-infrared spectroscopy, which generates dynamic images through the use of an injected fluorescence dye. This method could at least be used for endoscopic or intraoperative assessment of the tumor site and lymph node involvement. Use of near-infrared spectroscopy has shown promising results regarding endoscopic tumor detection (40, 41) . However, the use of near-infrared spectroscopy to assess lymph nodes in patients with gastric cancer must still be investigated.
